Traditional weather and climate forecasting is used by many indigenous communities worldwide as a guide in making important decisions that enable them cope and adapt to climate change-induced extreme weather variation. In many pastoral communities in Africa, traditional weather and climate forecasting remains the most accessible and affordable source of weather and climate information. In this study, we used individual interviews and focused group discussions to systematically document indigenous weather and climate forecasting knowledge among Afar pastoralists, with the aim of making such information available, and enhance use of this knowledge in climate change adaptation and explore synergies with modern weather forecasting system. The Afar pastoralists traditionally predict weather and climate variation through the observation of diverse bio-physical entities including livestock, insects, birds, trees and wildlife. No single indicator is taken at face value; weather forecasting is undertaken in a dynamic process where information collected from different sources, including weather information from the modern weather forecasting system, is triangulated to make the safest livelihood decisions. Before any forecasting information is used, it is evaluated through three traditional institutions that collect, share and analyse the information. These institutions include (1) the Edo or range scouting where traditional rangeland scouts are sent on a mission to assess weather and other spatially and temporally variable attributes on rangelands; (2) the Dagu, a traditional secured and reputable network, where weather information is shared among users; and (3) the Adda or the traditional Afar governance system, which analyses traditional weather information before community decisions are made. This first-time systematic documentation of indigenous weather and climate forecasting knowledge among the Afar communities demonstrated the dynamic process of indigenous weather and climate knowledge production, analysis and communication. This shows the value of indigenous knowledge in contemporary pastoral communities, while highlighting synergies with the modern weather and climate knowledge system for co-production of knowledge that serves the objectives of local people.
Introduction
Understanding, predicting and anticipating changes in weather and other climatic variables is very important for rural communities, whose livelihoods rely directly on weather and climate conditions. Local communities in the world observe climatic changes taking place in their environment which affect their livelihood choices (Nyong et al. 2007) . Indigenous societies observe bio-physical animate and inanimate entities to make predictions about future and current weather variables that cannot be directly observed by the human senses (Acharya 2011) .
However, in many indigenous pastoral communities in Africa, factors such as land and natural resource dispossession , state policies that favour centralization at the expense of bio-regionalism (Fratkin and Roth 2006; McGinnis 2005) and globalization (Gilberthorpe and Hilson 2014) have resulted in generational degradation and decline in the use of indigenous weather forecasting and other traditional knowledge. Similarly, climate change and associated increase in weather variability, especially in the arid and semi-arid ecosystems (Sivakumar et al., 2005) , have resulted in decrease in the reliability of many of the traditional weather forecasting knowledge systems; as a result of this, many indigenous people are abandoning the use and generational transmission of such knowledge (Roncoli et al., 2011 , Kalanda-Joshua et al. 2011 , Kagunyu et al. 2016 . Similarly, the Afar traditional pastoral production system in the Horn of Africa has been continuously under threat from climate change (as manifested by increased recurrent drought and extreme variability) and non-friendly pastoral state policies (Balehegn 2016) .
Despite the loss of indigenous weather forecasting knowledge, there is also a very limited shift towards the use of modern weather forecasting and climate information systems among many African pastoralists. This is mainly due to the many limitations of modern weather forecasting and climate change information when it comes to its application and use in pastoral societies. These limitations include the following: (1) Modern weather forecasting information is usually not accessible to pastoralists, since they do not have access to modern communication media channels (Shoko and Shoko 2013) . (2) Even when they have access to the information, it is difficult for pastoralist communities to interpret and use this information, as many of Africa's pastoralists are not well-versed with the sciences and language skills used to relay the information (Shoko and Shoko 2013) . (3) The cost incurred while buying facilities and during the installations of modern weather forecasting systems is quite high; as a result, such facilities are limited to urban areas where they could be easily maintained. (4) Understanding day-to-day climate conditions is very important to the pastoralists as it guides their daily activities; this makes it important at all levels, that is, at the villages, districts, rangeland and urban centres. Therefore, even when it is accessible, affordable and correctly interpretable, conventional weather forecasting information is seldom relevant to the daily decision-making of pastoralists (Chisadza et al. 2015) .
Because of the challenges of applying modern climate knowledge systems, indigenous knowledge on climate and weather forecasting not only is relevant but also continues to be the only accessible and affordable alternative source of climatic information among many pastoral communities in Africa (Chisadza et al. 2015; Green et al. 2010) . Indigenous climate and weather forecasting knowledge provides information and insights that can be used for successful adaptation to climate change at the local level (Chisadza et al. 2015) . Many studies comparing indigenous and modern weather and climate forecasting knowledge have found a positive correlation between indicators used by indigenous and modern science (Chisadza et al. 2015) . These studies inevitably recommend the co-production of weather and climate knowledge by the two knowledge systems (i.e. indigenous and modern) and the creation of a system which synergizes the accuracy of the modern systems as well as the local relevance of the traditional systems (Kalanda-Joshua et al. 2011) .
The objectives of this study were therefore to understand and develop a theoretical framework for understanding indigenous weather forecasting; to document the indigenous weather and climate knowledge production, analysis and communication among Afar pastoralists in north eastern Ethiopia; to investigate the role of customary institutions in indigenous weather forecasting among Afar pastoralists; to identify the different bio-physical observations made for weather forecasting among Afar pastoralists; and finally to elucidate the role of such indigenous knowledge in local adaptation to climate change and extreme weather variability and explore synergies with the conventional system.
A theoretical framework for understanding indigenous weather and climate knowledge production among Afar pastoralists
The Afar pastoralists live in the dryland rangeland areas and have routine interaction with the natural environment which gives them opportunities for observing subtle changes in the environment that cannot be detected by modern data acquisition techniques. Weather data or information in Afar is traditionally collected by individual Afar, like the principles of citizen sciences or crowd sourcing of information (Wiggins and Crowston 2011) . Bio-physical entities in the environment such as migration patterns of birds (Richardson 1990) , changes in the reproduction behaviours of insects, characteristics of winds and constellation of celestial bodies all provide practical proxies for weather and climate (Acharya 2011) . Though Afar pastoralists cannot directly measure the weather variables, they can directly observe the bio-physical manifestations with their senses (Chisadza et al. 2015) . The interpretation of these bio-physical variables is therefore used as a proxy for weather change and variation (Fig. 1) .
In Fig. 1 , it is important to note that the first arrow is two-directional, which means that sometimes observable bio-physical entities could be results as well as indicators of impending or already-happening change in weather variables. Therefore, what local people observe could be both because of weather change that has already taken place or is taking place and an indicator of what is going to happen soon. For instance, the flowering of a tree could be due to the increase in humidity that is detectable or accessible only by the tree (Speranza et al. 2010 ), but for local communities, it is an indicator of future weather that humans cannot detect at the present. In another way, observable entities, such as the direction of wind, could be the cause of an impending change in weather or climatic variables (Gearheard et al. 2010 ). In the second arrow, people observe these bio-physical proxies of weather and climate and collect data, which they then use to make predictions through the path of the third arrow. The third arrow is, however, double to indicate that whether the prediction was successful or not will provide a feedback to the community to refine their knowledge by providing another feedback (fourth arrow), on which indicators to follow or use in the future.
The production, accumulation and transmission of indigenous weather forecasting knowledge should therefore be understood as a dynamic process where Afar pastoralists not only record observable changes and try to associate with the results or happenings (arrows 2 and 3, respectively), but also get feedback from a continuously changing relationship between observable bio-physical variables and un-observable changes in weather, so as to continuously update and improve their knowledge (Sillitoe 2007) . After repeated observations of bio-physical proxies and the events that seem to follow or be associated with these observations, local communities construct or propose a relationship the type A causes B, but also continuously observe this relationship for any changes. For example, if at times A does not cause B or rather causes C, then people readjust their interpretation accordingly. After repeated observations, predictions, feedbacks and readjusting relationship cycles, then people can safely predict even the least detectable future outcomes, with a higher level of confidence (albeit not quantified). All forms of outcomes including a rainy season, a drought and a windy season are considered as good lessons that help the Afar to be better attuned with their environment and make them more and more capable of understanding and predicting future weather and climate events. Every event is a learning opportunity. The Afar have a proverb that signifies this. The Afar say Dabal kal daha moka roughly meaning 'the tribulations that you had to endure during drought, are compensated by the lessons of survival you learn'.
This implies that local people are not rigid followers of only one system; rather, they select systems that are accessible and effective for a given condition, including information from modern weather forecasting. Therefore, with the increased unreliability of traditional bio-physical indicators, many indigenous communities are modifying their strategies and actively seeking information from the modern weather forecasting sciences (Roncoli et al., 2011) . In the Afar pastoral areas, Fig. 1 Schematic presentation of the production of weather forecasting knowledge among Afar pastoralists (numbers are the order in which the dynamic takes place) Balehegn et al. Pastoralism: Research, Policy and Practice (2019) 9:8 modern weather forecasting information is actively sought through the local radios and government news media. People, however, do not take the information directly and have to make a lot of comparisons with local conditions and local bio-physical observations. Therefore, indigenous weather forecasting in principle is similar to scientific meteorology where current observable variables are used to predict future events (Gearheard et al. 2010 ).
Study area
The study was carried out in Ab'alá district of the Afar regional state of Ethiopia which is located at 13°00′ to 13°45′ N and 39°40′ to 40°12′ E (Fig. 2) . According to official data, the total population in the district is 35,443 inhabitants with 2683 pastoral households and 3226 agro-pastoral and mixed farming households (BoPRD 2008) . The Afar and the Tigrians are the two dominant ethnic groups in the study area. The Afar community economic activities include pastoralism, crop production, petty trade and migrant labourers; the Tigrians are mainly agro-pastoralists with crop production as a primary source of livelihoods (Balehegn and Tafere 2013) . The Ab'alá district is characterized by arid and semiarid climate with vegetation groups identified as desert and semi-desert scrub land (Friis et al. 2010 ). The total area of land in the district is 172,181 ha containing 24,177 ha of rangelands, 9,339 ha of forest and 128,712 ha of barren desert (Balehegn and Tafere, 2013) . There are 9,636 ha of cultivated land under rain-fed cultivation and 15 ha under irrigation with maize, sorghum, teff and barley being the most common crops. The livestock population included 44,605 cattle, 38,306 sheep, 87,352 goats, 28,834 camel, 4841 equines and 2564 poultry (BoPRD 2008) .
Materials and methods
Focused group discussions, individual interviews, a feedback workshop and a review of relevant information were used to collect information on the general indigenous weather forecasting knowledge, the process and information collection, the role of customary institutions and the various bio-physical and social variables used for weather forecasting. Six focused group discussions, each having six participants which included community leaders, elderly men, elderly women, clan leaders, herders and local pastoral and agricultural office personnel, were held to collect general information on the knowledge and process of indigenous weather forecasting. Participants in the focus group discussions were selected based on their experiences in traditional weather forecasting. For instance, all the six members of the groups deliberately included people who had extensive experience in herding and Edo or traditional rangeland scouting. Individual interviews were held with members of the households to collect more detailed information on the type of indicators local people use for predicting weather, the process of weather prediction and the role of customary institutions and traditions in predicting weather. After interviewing 80 households, no new information was obtained; thus, we stopped the interview after 85 respondents.
Information collected from different individual interviews and focused group discussions was typologically categorized into various categories such as indicators, prediction results and analysis. Results were then presented to a special group of people who were perceived to have good information on indigenous weather forecasting. This category of people was selected during the household interviews. This special group included four traditional weather forecasting seers, five clan leaders, three elderly women and young herders, to ascertain and affirm that the information acquired was true and hence was suitable for the final presentation or documentation.
Results and discussion
Traditional weather forecasting and the role of customary institutions
The Afar pastoral communities have long established customary institutions and traditions which are involved in weather forecasting, communication and use of weather information. These institutions include the following: (1) the Adda or a traditional Afar administration system, led by Asayamaras or Afar elders who are respected and trusted by the community members and who direct and lead almost all parts of life of the Afar pastoral communities (Hailu et al. 2008) ; (2) the Edo or the traditional range scouting practised whenever the Afar pastoralists are faced with the prospects of unpredictable future weather, which then send rangeland scouts or Edos. The Edos are usually strong young men who are sent to places to collect information about weather, rangeland conditions, local politics and other information relevant to the livelihoods of pastoral communities (Tesfay and Tafere 2004) . The individuals sent for rangeland scouting (Edo) make detailed observations about the plants, soil, atmosphere, conditions of animals, constellation of celestial bodies, etc. (Table 3) ; and (3) the Dagu which is an effective and reputable traditional human-based information and knowledge sharing network, through which anything anywhere that is relevant to the pastoral life of the Afar is made to reach to relevant individuals and households (Moges 2010) . Observation is made on special plants, insects, birds and environment to reach a conclusion about the future weather conditions in the rangeland they visit. The scouts in Edo actively seek information from people of many locations. Whenever the people in Edo meet anyone from any direction, they always do the customary ritual of Dagu. Dagu people who just met exchange the customary greeting of Aselam Wealikum and Wealiku Aselam. Those in Edo then usually start by asking 'what have your eyes seen and your ears heard?' and continue asking a meticulous list of questions to the stranger. Who are you? Where are you from? Where are you going? What is happening there? How is the weather now (and in the future)? What is the reason for that kind of weather prediction? Whose animals are where? What is the security situation? Who said so? How? Why?, etc., are just some of the questions the people in Edo ask to extract information about weather, pastures and politics of distant rangelands (Moges 2010) . During Dagu, every Afar has a tribal obligation to transmit credible information without any reservation or limitation (Moges 2010) . In cases where someone does not have the original source of information, he must cite the person from whom he got the information (Moges 2010) . The Afar pastoralists trust and depend on information obtained from Edo and Dagu because, as people who are strong adherents of the Adda ruling, misinformation has serious consequences, not only to an individual, but also to an entire clan to which the individual belongs, who will be forced to pay compensations of a large number of camels to the victims of misinformation. Therefore, the Dagu is made falsehood-proof through an effective and strong circular feedback system in the Adda (Moges 2010) .
The role of the Adda administration or its elders is usually in the interpretation and determination of the practical implication of different weather prediction scenarios. The Adda elders collect information from various sources including their own observation, consultation of traditional seers and even information from the formal State weather forecasting services. The Adda elders then triangulate information from different sources and formulate the most probable weather scenarios and give the most suited decision for each scenario regarding migration routes and destinations for migrating families. However, no prediction is taken for granted, and uncertainty is identified and declared. During the Adda discussions, the word and the concept of Inshalah or 'if God wills' is repeatedly uttered and applied. They recommend community actions based on the probability of each weather forecast, with the most probable always considered first for making decisions. Figure 3 is a schematic outline of the weather information collection, analysis and decision-making by the Afar Adda elders.
If for instance, during an ongoing drought, rain is predicted to come soon (within a time of 6 months) and if abundance is predicted, the Adda elders advise their community members to stay around and may even start planning celebrations, festivities and marriages. However, in the meantime, the households are advised to undertake different courses of actions that will help them survive the existing drought. These actions include collecting and storing famine foods such as wild seeds and fruits, selling of dry or unproductive animals, purchasing of grains, temporarily migrating to nearby better-off villages and getting loans (money, grains or animals) from relatives or friends in other places or production systems. Households with an already suckling camel calf, for example, are usually advised to sacrifice their calves, a practice locally called making of kibu or sacrificed calf, so that the milk produced by the camel will be exclusively for human consumption and be enough for children (Balehegn 2013; Balehegn 2016) .
In cases when there seems to be no hope for the coming of the rains in the near future (a period that can last up to 2 to 5 years), the Adda elders gather the household heads and advise them on the best course of action to take, which is usually destocking or selling of all animals, slaughtering animals and storing dried meat, purchasing of grains and migrating to the nearest safest rangelands that will provide the community and their herds with enough forage and water.
Traditional rain calendar of Afar pastoralists
The Afar traditionally identify seven rainy periods, namely, Konayto, Datrob, Debaba, Deda'e, Segum, Karma and two periods of Gilal (the cold period) and Hagaya (the hot period) ( Table 1) . Each of the rainy periods is associated with a certain month or months. Today, however, such a meticulous classification is disappearing, and hence, some of these seasons are not known particularly to the younger generations (Balehegn and Kelemework 2013) . Understanding the rainy calendar is an integral part of traditional weather forecasting and the associated livelihood decision-making. The Konayto rain is the first rain that is observed after the Ethiopian New Year (which usually falls on 11 September). In Afar folklore, the Datrob rain is considered a sign of strength and virility. In one verse of the Afar traditional praise of the camel, the female camel's beauty and the male camel's strength are equated with the Datrob rain, i.e. dark in complexion for the female camel and strong and aggressive for the male camel (Balehegn 2016) . Gilal, which means a cold and dry time in Afar, by itself is not a season but a collective name given to all seasons falling between the months of December and March, which are characterized by relatively colder or lower temperatures compared to the other seasons. The time of Gilal therefore spans from the season of Debaba and Deda'e and some time in the season of Segum. This means that it can be Gilal while it is Segum or Debaba or Deda'e. Hagaya, like Gilal, is not a season by itself but rather a collective name given to all seasons falling between mid of March and mid of June. It literally means hot time, or time when the temperatures are higher. Hagaya therefore spans between the seasons of Segum and Karma. Therefore, it can be called Hagaya while it is Segum and Karma. Segum is an important rainy season, but still is less important than the main rainy season that is Karma. Complete description and timing of each of the rainy seasons is given in Table 1 .
Bio-physical variables used by Afar pastoralists for weather prediction
The Afar pastoralists, through centuries-old experiential knowledge, passed to generations by word of mouth, have developed elaborate strategies for forecasting weather and climate from observable changes in bio-physical variables in their environment. Such traditional weather forecasting strategies are common among many indigenous communities across the world and are an essential part of the livelihood strategies, as they appear to be usually the only accessible and understandable weather information to local people (Masinde and Bagula 2011) . The Afar predict the condition of rain, at a specific season or anticipated season, basing on the observation of bio-physical entities such as trees, animals, winds and celestial bodies. Such bio-physical indicators of the rain in each rainy season, the time they are observed, and the implication or interpretation of observations are given in Table 3 .
Observation of variation in tree phenology
Certain plants in Afar reveal some changes as a result of impending weather conditions. These include trees that bloom in expectation of upcoming rain such as Acacia tortilits (Eepto), Acacia senegal (Tikibleyta), Tearto 1 and Acacia melifera (Merkaeto) ( Table 3 ). The blooming in anticipation of rain observed in these plants can be explained by the 'environmental prediction' hypothesis, which states that plants are naturally capable of predicting future weather, an evolutionary characteristic for better reproductive success, where flower and fruit production is synchronized with resource-abundant seasons (Sakai 2002; Williamson and Ickes 2002) . Some trees such as Dobera glabra (Gersa), which is usually a normally dull greyish local plant, turns deep green and produces more shoots, fruits and seeds, with expected failure of rains in the Segum season. Similarly, Adansonia digitata (Gabita), which usually stays leafless most of the year in the Afar landscape, produces more leaves and fruits, when drought or failure of rains is expected, an observation also reported by Speranza et al. (2010) for other locations. Therefore, the response of change in trees varies from species to species and place to place. This is because the characteristics of trees and shrubs, as affected by climate or weather variables, are also dependent on other factors such as topography, edaphic and other habitat factors (Rathcke and Lacey 1985) . Generally, these observations deserve further detailed ecological studies to understand the scientific underpinnings of the use of each tree and extract implications that might have importance in many fields of science (Speranza et al. 2010; Shoko and Shoko 2013) .
Observation of animal behaviour
The Afar pastoralists also predict specific weather based on observation of changes in animal behaviour at certain specific periods of time. These observations include change in plumage of birds, reproductive and browsing behaviour of camels and the behaviour and movements of insects, foxes and other wildlife (Table 3) . Animals are known to have instinctive capabilities of sensing and detecting subtle changes in environmental variables and anticipate different natural events including climatic and geological events, thereby changing their behaviours including reproduction, migration and feeding, to adapt to the expected changes (Acharya 2011) . Many species in the animal kingdom, according to the mismatch hypothesis (Dunn et al. 2011) , have evolved to respond to expected increase in resource abundance by increasing 
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Konayto 27 October to 3 November 5 days The term Konayto in Afar means only 5 days and signifies the fact that this rain stays only for 5 days. This is a very light shower that marks the end of the rainy season. This is characterized by the replenishing of leaves of certain species which have shaded their leaves during the previous heavy rains.
Dababa 11 November to 9 December 1 month The term Dababa in Afar means additional or supplementary, which indicates that the rain is considered as a supplement to the long rainy season which ended with Konaytu rains. The season is characterized by misty and cloudy conditions and not noticeable rain.
Deda'e December to January 1 month Deda'e is a name given to a generally cold season. There is not much rain, but there is plenty of cold dew and misty and foggy sky. Table 3 . Insects, similar to other animals, also undergo modification in their reproductive, feeding and other behaviours according to anticipated weather change (Costa Neto 2006; Pellegrino et al. 2013) . Therefore, the Afar also observe the behavioural changes of various insects, mainly ants and beetles, and use these observations to predict weather. While the details of the different insect observations are given in Table 3 , an elaborate case of a local black ant species called Dakura ant or the 'jump about' ant is used by women involved in fetching water for predicting the coming weather. Women gather around the water wells and do an experiment by scratching an artificial ditch in front of an army of Dakura ants. They observe the way the ants go. If the ants move inside the ditch or cross the ditch, then it is considered that the next rainy season will be dry. However, if the ants avoid the ditches and rush to go roundabout without directly crossing or getting inside the ditches, then this is an indicator of a good rainy season coming. This experiment is described in a schematic presentation (Fig. 4) . Though at this point, it might be difficult to give a scientific explanation on what is happening in this 'ant-rout experiment', the explanation according to the Afar community, is that the ants are trying to avoid the ditches, because they have instinctively sensed rains or floods and are trying to avoid being washed away.
Observation of celestial bodies
The Afar make an observation of changes in the pattern and constellations of different celestial bodies including the sky, the sun, the moon and different stars to extract information about the upcoming weather. Such observations of celestial bodies in search of clues on weather and climate are very common among indigenous people (Shoko and Shoko 2013; Speranza et al. 2010; Elia et al. 2014) .
Celestial bodies observed include the constellation of different stars; colour change in the sky, the sun and the moon; and direction and timing of the crescent (Table 3) . Of all these, the observation of the constellation of stars is the most elaborate one, with the Afar traditionally identifying and describing three distinct types of stars, namely the Dohra, the Kaihima and the Malhino.
The Dohra star is a lone bright star that symbolizes beauty in Afar. It is observed during the month of the third to fourth of Mawlid (this date always varies in the Gregorian calendar). The Kaihima stars are a group of seven stars which are said to be observable mainly to camels. These stars show up during the Hagaya season (April, May, June). The Malhino stars are a group of seven stars (the Big Dipper?) arranged in such a way that three stars are lined up to follow the four stars set in a rectangular form. The different observations of the constellation of stars and their weather-related indigenous interpretation are given in Table 3 .
Observation of winds
Variation in nature of the wind has been used by traditional societies as an indicator of weather change since time immemorial (Jiri et al. 2016) . The Afar observe the direction, strength, force and duration of winds that blow at different seasons and use these as sources of information for predicting weather. The Afar describe A B C and characterize six types of winds based on the timing, direction, strength, etc. These winds include Gilalta, Burentu, Woreru, Kuya, Silayto and Kilb (Table 2) . Each of these winds has specific characteristics and is used to describe the condition of rain in different rainy seasons as indicated in Table 3 .
Exploring synergies with modern weather and climate forecasting system
Recognizing the unique values of both modern and traditional weather and climate forecasting systems, various researchers (Armatas et al. 2016; Sanni et al. 2012; Jiri et al. 2016 ) opted for finding synergies that would enable the co-production of weather and climate forecasting knowledge by the indigenous and modern forecasting systems. However, apart from showing similarity and correlation between the two knowledge systems and giving the inevitable recommendations of 'integrating' indigenous and modern system, many researchers failed to show a practical approach for the synergetic use of the two knowledge systems. The lack of a practical approach for integrating or synergetic use of the indigenous and traditional knowledge systems arises because of the challenge posed by the use of different 'data' or format of knowledge used by the two knowledge systems (Agrawal 2002) . Fortunately for the Afar indigenous weather and climate forecasting knowledge, not only are most of the bio-physical indicators or data collected 'recordable' and 'analyzable' by scientific approaches, but they are also similar to modern science as shown in Fig. 3 . According to the Afar traditional system, the Afar Adda elders, who do the analysis of weather and climate data, depend on multiple indicators, including data or information from modern weather forecasting services. Therefore, the first entry point for the synergetic hybridization of the two knowledge systems would be to increase the accessibility of modern weather forecasting information for the whole community and most importantly for the Afar Adda elders. Moreover, the national meteorological bureau of Ethiopia or the Afar Regional State should closely supervise the use of their data by local communities and obtain feedback on whether the data from the modern stations is in agreement or not with local indicators and the predictions made by local people. This would allow adjustments to be made, by both systems, to improve the accuracy of forecast using the hybridized system. Such a co-production of forecasting, which could be termed as a consensus forecast, has been applied successfully in Tanzania . Such a system would enable the national meteorological service to enhance its usefulness for the local people.
Apart from consensus forecast which utilizes coproduction of weather and climate information, it is also possible to produce indigenous weather forecasting data or information in formats that are amenable to the statistical tools used by the modern system. This approach converts indigenous weather forecasting indicators into recordable or measurable data, to produce indigenous knowledge database ). In the case of Afar pastoral communities, the database can be directly developed by the local communities, or Adda elders, using a system of recording, perhaps, a simple phone application or other similar recording tool. The developed data can then be transferred into the modern weather forecasting stations to help develop a prediction based on the combined data from modern stations and indigenous knowledge.
Regardless of which approaches are used, however, it should be noted that indigenous knowledge exists regardless of whether it is suitable for analysis and used by modern methodologies. Therefore, suggested approaches should not by any means obliterate the cultural contexts and values of indigenous data . Even when indigenous knowledge does not agree with scientific prediction, it is counterproductive to discard, discredit or change the knowledge. Any change or modification of the indigenous knowledge system should come only through a socio-cultural context-specific change initiated by no other than the indigenous people who are the rightful owners of the knowledge.
Conclusion
This study has outlined the indigenous weather and climate knowledge systems, the role of customary institutions and the bio-physical indicators traditionally used by the Afar pastoralists of Ethiopia. The various indicators include bio-physical entities including livestock, birds, insects, other wildlife, characteristics of winds and changes in the constellation or patterns of celestial bodies. These observations and their analysis are important to the livelihoods of pastoralists as they determine how the Afar pastoralists adapt or cope with the changing weather and climatic variations, as traditional weather forecasting continues to be the most accessible and relevant weather and climate information to contemporary Afar pastorals. The Afar pastoralists recognize the potentials and limitations of their traditional weather forecasting techniques. Therefore, no prediction information is taken at face value. Rather, the Afar, through their traditional administration system or the Adda, make a triangulation of information from different sources such as weather and climate assessment missions (Edos) and traditional weather and other information communication networks (Dagu). Information collected from different sources, including formal weather information, is used to determine the most probable weather scenario of the future. Based on the most probable weather scenario, the traditional administration (Adda) then make livelihood decisions to be followed by households and entire communities. Recognizing the importance of traditional weather and climate knowledge to the livelihoods of local communities, it is recommended that use of such knowledge be enhanced by documenting these knowledge systems and identifying ways of weather and climate knowledge co-production with the formal weather and climate information. Such hybrid knowledge co-production will enable the formation of a system that A bird species called Sae'tailoli starts following goats when they brow and go to rivers for drinking
Early to mid-June Karma rains will come, or if it is already raining, it will continue to rain.
The Kukueta bird start singing the koda or the milk churning song with a very smoothly flowing tone
Early June
The Karma rains will come and it will be good, with plenty of milk and milk-based food such as butter
The kukueta bird either fails to sing the koda song, or when it sings it will be in a half hazard and very broken tone Early June Karma rains will fail. 
